However, there is disagreement in the literature regarding the interpretation of those several cephalometric parameters and the validity of their prognostic use. 3, [7] [8] [9] [10] [11] [12] [13] The reason may be multifold.
First, our current understanding of the complex nature of facial growth pattern has not reached the level of clarity and sophistication mandated in the research community. Second, presently there exist only a limited number of longitudinal studies 3, 4, 7, [14] [15] [16] [17] [18] which have evaluated the developmental pattern of vertical facial growth. Also, the component of ethnic variation could not be properly considered since those available have mainly focused on the subjects of European descendants.
Previously, Moon et al 19 evaluated several linear dimensions as components of two types of vertical dysplasia in the study design similar to that of Nanda. In the present study, it is hypothesized that vertical skeletal growth pattern is strongly associated with lateral cephalometric parameters. To test this hypothesis, the annual changes of six angular cephalometric variables were evaluated in the vertical displacement of the maxilla and mandible relative to the cranial base from longitudinal records of children between 6 and 14 years of age with severe skeletal vertical dysplasia. In addition, the ODI values from the longitudinal data were analysed as an overbite prognostic parameter. The main features of the earlier study were retained in the present study with use of a mixed-effects regression model (MRM).
| MATERIAL S AND ME THODS
The samples were selected from the Korean Dental Growth Study, which was conducted from 1995 to 2003 in Gyeonggi-do, Korea.
The study enrolled 410 subjects initially at their age of 6 to compile annual comprehensive oral examination, lateral cephalographs, and maxillary and mandibular casts with bite records. In 1999, the study was temporarily suspended due to financial reasons but 223 subjects including 107 males and 116 females successfully completed the study in 2003 with a full complement of records except those which corresponded to the subjects' age of 10. Exclusion criteria of the study included previous orthodontic treatment, and any congenital or developmental conditions that could interfere with growth. Informed consents were collected prior to enrolment, and the Institutional Review Board for the Protection of Human Subjects approved the research protocol (S-D2010013).
All lateral cephalographs were traced by one examiner (PYS) in order to eliminate interexaminer variability, and V-ceph 6.0 (Osstem, Seoul, Korea) was used for analysis of cephalometric data. In the selection of skeletal open and deep bite subjects, the protocols of previous studies were modified 3, 7 . On the cephalographs taken at 14 years of age, which represented the most mature state of each subject during the observation period, the ratio of lower anterior facial height (LAFH)/total anterior facial height (TAFH) was obtained as a marker to designate study groups from a total sample of 223 subjects. Four groups were defined as those over one standard deviation from the average value at either high or low end of the distribution. The individual and group data were analysed by graphic and statistical methods ( Figure 2 total mean; β 1 is the sex effect; β 2 is the group effect; β 3 is the age effect; β 4 is the interaction effect between sex and group; β 5 is the interaction effect between sex and age; β 6 is the interaction effect between group and age; β 7 is the interaction effect among sex, group and age; and b i (i = 1,2, …, 223) is the random effect by the individual subject. Statistical analysis was performed using the language R. Statistical significance level was initially set at P < 0.05 but it was also assessed at P < 0.01. exhibited. Overall, in the MPA, GA, PMA, ODI and LGA curves, the morphological differences were distinctively evident from beginning and became more pronounced with age.
| RE SULTS
In contrast, the PPA, OPA and UGA curves did not clearly dis- The UGA curves were clustered all together.
The results of MRM analysis are summarized in Tables 2 and 3 .
As components of fixed effects, the initial values in all eight variables were statistically significant. Also, the annual changes of GA, OPA, ODI and UGA were statistically significant. This indicates that these variables had a decreasing trend regardless of the morphological and sexual difference. The annual changes of the morphological groups were statistically different in MPA, GA, PMA and UGA, indicating differences between the deep and open bite groups. The annual changes in PPA according to sex were statistically significant. a Denotes statistically significant differences between groups (P < 0.05). b Denotes statistically significant differences between groups (P < 0.01). c Denotes statistically significant differences between sexes (P < 0.05).
TA B L E 1 (Continued)
The effect of individual random variability showed that individ- 
| D ISCUSS I ON
Patients with severe vertical dysplasia often pose an array of challenges to clinicians since the failure to control the dimension may result in compromised treatment outcomes or even require surgery. 20 Skeletal open or deep bites are usually diagnosed as discrepancies after compared to strict normative values. However, there may be considerable individual variations in norms, even among well-characterized regional populations. 21 In the present study, we evaluated the sexual and morphological differences of eight angular variables of the maxillomandibular complex between skeletal open and deep bite subjects from 9 years of longitudinal cephalometric data. Our study design was similar to those by Nanda, but several significant differences existed. First, the samples were taken from different populations, which could have led to different results. Second, the observation time schedule was different as the present study could not explore the data after the age at peak height velocity. Therefore, late and prolonged growth data, especially for male subjects, could not be deciphered. However, it is important to make use of information gathered from extant databases since it is extremely difficult to collect perfect samples for longitudinal investigations related to human growth. Third, there were no missing data values in the present study, while polynomial interpolations were used in Nanda's. When missing values are approximated by interpolations, random variations in individual subjects tend to be smoothened along with other simultaneously affected statistic values. Fourth, the subject selection methods were different since the present study comprised those outside one standard deviation from the mean value of LAFH/TAFH rather than simply accepting eight subjects with extreme values. The rationale was to avoid the arbitrary selection bias and skewing of data that might have existed in the total sample. Fifth, we excluded the cranial base angle but included ODI as parameters. In addition, GA was split into UGA and LGA to investigate regional differences. Finally, MRM analysis was applied due to its advantages in analysis of longitudinal data.
Despite these differences, the results of the present investigation are consistent with what was reported by Nanda 7 in many aspects. In general, most of the curves were similar with the exception of PPA. The decreasing trends in MPA, GA and OPA were also verified in this study. The clear separation between morphological groups in PMA curve coincides with Nanda's conclusion 7 that PMA could be used to discriminate between the open bite and deep bite subjects. Also, similar segregations were evident in MPA and LGA.
However, there were several findings that were different from the study by Nanda. For example, the PPA curve exhibited a peculiar pattern of sexual difference only in the deep bite groups, which TA B L E 3 The effect of individual random variability (mm) from the beginning (at age 6) to the annual increments over time could be explained by the significant interaction between sex and group according to the MRM. In addition, PMA showed a graphically decreasing trend in the deep bite, but not in the open bite groups.
The results of MRM analysis supported this finding as there was no statistically significant difference in annual decrease in total samples while there was significant difference in annual decrease between morphological groups. This tendency of PMA escalated the morphological differences during the observation periods.
The GA and UGA curves demonstrated progressively decreasing trends, while the pattern of LGA was unclear. The annual change in
LGA was not identifiable in the MRM results, and the annual increments according to type approached significance (P = 0.053). This was similar to the results of PMA. The graphic representation of ODI curve showed that it can be used as one of the discriminant parameters for open and deep bites but morphological difference in the initial value and annual increments did not reach the statistical significance.
With regard to individual variation, the ratio of initial individual variability at age six to the annual change showed that initial variability was substantially larger than the variability in the annual changes. This large individual variability should be taken into consideration in clinical diagnosis and data interpretation. In addition, precautions should be taken when using ODI as a prognostic tool since the individual difference was quite large, as shown in Figure 3 . Also, it has been reported that the sagittal relationships affect the value of ODI. 22 Clinically, the results of this investigation may suggest that evaluation for orthodontic treatment need should be encouraged early as skeletal vertical growth patterns tend to be set at young age.
Also, instead of a single parameter, a combination of variables such as MPA, PMA and LGA may be desired as a more useful prognostic beneficial; however, they should be used judiciously with a keen attention to the balance between the severity of developing vertical discord and the range of healthy dental compensation.
Longitudinal data of human growth are difficult to interpret because chronological age does not necessarily correspond to developmental stage. Fluctuations seen in the growth curves showed that facial growth occurs at different sites, at different rates and at different times from individual to individual. In order to refine our understanding in the developmental dynamics of vertical dysplasia, large longitudinal studies will be necessary from diverse populations. In addition, more sophisticated approaches should be developed for greater individualization in diagnosis and treatment.
| CON CLUS IONS
A total of eight angular variables were analysed in the longitudinal
cephalographs of skeletal open and deep bite subjects ranging from 6 to 14 years of age. Within the limits of this study, the patterns of vertical dysplasia could be seen at an early age, and the characteristics were maintained or became more pronounced with age. While MPA and GA decreased with age in all groups, PMA and LGA remained relatively constant in open bite groups. ODI showed a weak morphological difference but it also exhibited significant variation by age and individual.
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